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Purpose: Diverticulitis of vermiform appendix is known as a rare cause of acute appendicitis, most of which are diagnosed 
after surgery. We compared appendiceal diverticulitis with acute appendicitis to study the clinical characteristics of appendi- 
ceal diverticulitis. Methods: Among 1,029 patients who received appendectomy from January 2009 to May 2011, 38 patients 
with appendiceal diverticulitis (diverticulitis group) were compared with 98 randomly collected patients with acute appen- 
dicitis (appendicitis group) during the same period. Patients' characteristics, clinical features, laboratory findings, operative 
findings, and postoperative course were compared between the two groups. Results: Thirty-eight patients (3.7%) were patho- 
logically diagnosed with acute appendiceal diverticulitis among 1,029 cases of appendectomy. The mean age of patients in 
the diverticulitis group was significantly older than that of the appendicitis group (49.0 ± 15.2 years vs. 25.4 ± 14.2 years, P < 
0.05). Mean duration of preoperative symptoms was longer in the diverticulitis group (3.6 ± 3.8 days vs. 1.8 ± 3.2 days, P < 
0.05). The site of abdominal pain, fever, signs of localized peritonitis, accompanying gastrointestinal symptoms, and white 
blood cell count showed no differences between the two groups. Twenty-five patients (65.8%) of the diverticulitis group and 
10 patients (10.2%) of the appendicitis group showed perforation of appendix (P < 0.05). Mean operating time and post- 
operative hospital stay were longer in the diverticulitis group (55.3 ± 28.8 minutes vs. 41.4 ± 17.8 minutes, 6.8 ± 3.4 days vs. 4.9 
± 1.5 days, P < 0.05). Conclusion: Acute diverticulitis of the appendix can be classified into quite different disease entities 
compared with acute appendicitis. Regarding high rates of perforation, immediate surgical treatment is needed for patients 
with a high index of suspicion of acute diverticulitis of the appendix. 
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Clinical features of appendiceal diverticulitis are sim- 
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Acute appendiceal diverticulitis is reported as a rare 
cause of appendicitis with a frequency of 0.004% to 2.1% 
[1]. It can be easily overlooked by surgeons and patholo- 
gists, with most of them are diagnosed after surgery. 



ilar to conventional acute appendicitis. However, it is 
known that patients with appendiceal diverticulitis are 
relatively older and risk of complications such as perfo- 
ration is higher due to delay of diagnosis and the anatomi- 
cal features of diverticulum. Therefore, diverticulitis of the 
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appendix must be regarded as a different disease entity, 
but clinical characteristics are still not well known and 
most studies are confined to case reports [2-4]. 

We compared appendiceal diverticulitis with acute ap- 
pendicitis to study the clinical characteristics of divertic- 
ulitis of the appendix. 

METHODS 

From Jan 2009 to May 2011, 1,029 patients received ap- 
pendectomies with clinical suspicion of acute appendicitis 
in Eulji Medical Center. Thirty-eight patients were patho- 
logically diagnosed with acute diverticulitis of the appen- 
dix after surgery (diverticulitis group). Ninety-eight pa- 
tients who underwent appendectomy for acute appendici- 
tis during the same period were enrolled in a control 
group (appendicitis group). The control group was col- 
lected among total cases of appendicitis using compu- 
terized simple random sampling to minimize selection 
bias. Patients of both groups underwent appendectomy 
only and drain tubes were inserted if necessary. Patients' 
characteristics, clinical features, laboratory findings, oper- 
ative findings, and postoperative course were compared 
between the two groups by retrospective analysis of medi- 
cal records. 

For statistical processing, we used SPSS ver. 12.0 (SPSS 
Inc. Chicago, IL, USA) to perform simple random sam- 
pling of control group, Student's t-test and chi-square test. 
Statistical significance was determined when the P-value 
was lower than 0.05. 

RESULTS 

Thirty-eight patients (3.7%) were pathologically con- 
firmed with acute diverticulitis of the appendix after sur- 
gery among 1,029 cases of appendectomy. There was no 
significant difference between the two groups in gender 
ratio (19 males in diverticulitis group and 55 males in ap- 
pendicitis group). Mean age of patients was 49.0 + 15.2 
years in diverticulitis group and significantly older than 
25.4 ± 14.2 years in appendicitis group (P < 0.05). 



Table 1. Comparison of the clinical features between two groups 




Diverticulitis 


Appendicitis 




Variable 


group 


group 


P-value 




(n = 38) 


(n = 98) 




Age (yr) 


49.0 ± 15.2 


25.4 ± 14.2 


<0.05 


Sex (male:female) 


19:19 


55:43 


NS 


Duration of symptoms 


3.6 ± 3.8 


1.8 ±3.2 


<0.05 


(day) 








Location of pain 






NS 


Right lower quadrant 


34 (89.5) 


81 (82.7) 




Others 


4 (10.5) 


17 (17.3) 




Fever 


12 (31.5) 


36 (36.7) 


NS 


Sign of localized peritonitis 


16 (42.1) 


49 (50.0) 


NS 



Values are presented as mean ± standard deviation or number (%). 
NS, not significant. 



Mean duration of preoperative symptoms was 3.6 ± 3.8 
days in diverticulitis group and 1.8 ± 3.2 days in appendici- 
tis group (P < 0.05). Thirty-four patients (89.5%) of diver- 
ticulitis group and 81 patients (82.7%) of appendicitis 
group complained of right lower quadrant abdominal 
pain, showing no difference in location of pain; fever 
(higher than 37.5°C) was observed in 12 patients (31.6%) 
and 36 patients (36.7%), respectively. Signs of localized 
peritonitis such as tenderness, rebound tenderness and 
muscle guarding were found in 16 patients (42.1%) and 49 
patients (50.0%), respectively, showing no statistical dif- 
ference (Table 1). 

Accompanying gastrointestinal symptoms were found 
in 22 patients (57.9%) of diverticulitis group including 
nausea (47.4%), vomiting (21.1%) and diarrhea (10.5%). 
Fifty-four patients (65.1%) of appendicitis group com- 
plained gastrointestinal symptoms such as nausea 
(33.7%), vomiting (25.5%) and diarrhea (17.3%), others 
(5.1%). The white blood cell (WBC) count at the time of ad- 
mission was 13,038/mm 3 in diverticulitis group and 
13,272/mm 3 in appendicitis group but showed no 
difference. 

The rate of perforation of diverticulitis group was sig- 
nificantly higher than that of appendicitis group. Twenty- 
five patients (65.8%) of diverticulitis group and 10 patients 
(10.2%) of appendicitis group showed perforation of the 
appendix and formation of localized abscess during 
operation. Mean operating time was longer in divertic- 
ulitis group (55.3 ± 28.8 minutes vs. 41.4 ± 17.8 minutes, P 
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Fig. 1. Appendiceal diverticulum penetrating muscularis propria 
layer (H&E, x20). 

Table 2. Comparison of the operative findings between two groups 
Diverticulitis Appendicitis 





group 


group 


P-value 




(n = 38) 


(n = 98) 




Perforation 


25 (65.8) 


10 (10.2) 


<0.05 


Mean operating times (min) 


55.3 ± 28.8 


41.4 ± 17.8 


<0.05 


Need for drainage tube 


28 (73.7) 


19 (19.4) 


<0.05 


Postoperative hospital 


6.8 ± 3.4 


4.9 ±1.5 


<0.05 



stay (day) 

Values are presented as number (%) or mean ± standard deviation. 

< 0.05). Drain tube was inserted in 28 patients (73.7%) of 
diverticulitis group and in 19 patients (19.4%) of appendi- 
citis group (P < 0.05). 

Pathologic findings showed that all diverticuli of diver- 
ticulitis group were false form lacking proper muscle layer 
(Fig. 1). Mean duration of postoperative hospital stay was 
significantly longer in diverticulitis group (6.8 ± 3.4 days 
vs. 4.9 + 1.5 days, P < 0.05) (Table 2). 

DISCUSSION 

Since first described by Kelynack in 1893 (quoted from 
[1]), acute diverticulitis of vermiform appendix has been 
overlooked by surgeons and pathologists because of its 
rare incidence and similar clinical features and mode of 
treatment with that of conventional acute appendicitis. 

Although few studies reported that pathophysiology 
and clinical features of acute diverticulitis of appendix is 




Fig. 2. Herniated mucosa shows dense inflammatory cell infil- 
tration with lymphoid aggregates (H&E, xl00). 

different from appendicitis, most studies have been con- 
fined to case reports, and clinicopathologic characteristics 
are not well established. 

The majority of appendiceal diverticulitis is acquired 
diverticulum with incidence is ranging between 0.004% 
and 2.1%. Congenital diverticulum is very rare and re- 
ported with an incidence of 0.014% [1]. Collins [5] reported 
an incidence of 1.4% with 50,000 autopsy and surgical 
specimen studies. In our study, an incidence of 3.7% was 
reported; relatively higher compared with previous 
reports. 

Appendiceal diverticulitis is known to occur in older 
ages than acute appendicitis. Acute appendicitis most fre- 
quently occurs in one's twenties, whereas appendiceal di- 
verticulitis is known to occur in the 5th decade of life. In 
our study, the mean age of patients in diverticulitis group 
was significantly older than that of appendicitis group 
(49.0 + 15.2 vs. 25.4 ± 14.2, P < 0.05). Yamana et al. [6] re- 
ported a mean age of patients of 42.7 years in his study 
with most case studies [2-4,7,8] reporting patients older 
than 40 years. Consequently, aging might be a causative 
factor in the pathophysiology of appendiceal diverti- 
culitis. 

Duration of symptom of diverticulitis group was 3.6 
days, which is longer than that of appendicitis group; and 
this result was similar with other studies. Lipton et al. [9] 
reported that older age ( > 30), longer interval of disease, 
fewer or absent symptoms of the gastrointestinal tract and 
failure of typical abdominal pain progression are the char- 
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acteristics of appendiceal diverticulitis. 

In Korea, Shin et al. [10] reported that appendiceal di- 
verticula was diagnosed in patients who had complained 
of chronic right lower quadrant abdominal pain and 
showed improvement of symptoms after appendectomy. 
There was no significant difference in other clinical fea- 
tures such as accompanying gastrointestinal symptoms, 
fever, location of pain and WBC counts in this study. 

Diverticulum of appendix can be divided into two his- 
tologic types, congenital and acquired diverticulum. 
Congenital type is true diverticulum consisting of all ap- 
pendix layers (mucosa, submucosa, muscle layer and se- 
rosa), whereas acquired type is false diverticulum which 
lacks muscle layers. 

Congenital diverticulum is recognized as a devel- 
opmental abnormality. Its pathogenesis remains unclear 
but several mechanisms may be involved. Failure of recan- 
alization of appendiceal lumen, duplication of appendix, 
failure of obliteration of vitelline duct or adhesion be- 
tween the appendix and plica vascularis can be possible 
etiologies of congenital diverticulum. Favara [11] pro- 
posed that D13 — 15 trisomy symdrome can be involved 
with congenital appendiceal diverticular diseases. 

The pathogenesis of acquired appendiceal diverticula 
may be related to inflammatory or noninflammatory the- 
ories. Inflammatory theory explains that previous re- 
current inflammatory attacks or infections narrow the lu- 
men and lead to atrophy of the lymphoid tissue (Fig. 2). 
This can make the appendiceal wall thinner and weaker 
causing diverticulum. Noninflammatory theory can be ex- 
plained with the obstruction of the lumen and active mus- 
cular contraction. Luminal obstruction can be caused by 
inflammation, stricture, fecalith, mucosal fold, polyp and 
tumors (carcinoid, ademona, mucinous tumors and ad- 
enocarcinomas) [1]. 

Herniation of diverticulum is most likely to occur 
through the weak point of the appendiceal wall that can be 
caused by inflammation, atrophy of muscle by the aging 
process or vascular hiatus in the submucosa. The fact that 
most diverticula are located in mesenteric border supports 
the theory that vascular hiatus is closely related to the 
pathogenesis of diverticula [1,4]. 

Higher rate of perforation of appendiceal diverticulitis 



is most important compared with conventional appen- 
dicitis. A delay of diagnosis and absence of a thick muscle 
coat of the appendix are thought to be contributing factors. 
Our results showed that perforation of the appendix was 
found in 65.8% of diverticulitis group, which was more 
than six times higher than in appendicitis group. There- 
fore, we think that longer operation time, higher need for 
surgical drain, longer postoperative hospital stay were the 
result of the higher rate of perforation. Lipton et al. [9] re- 
ported that 66% patients with appendiceal diverticulitis 
showed perforation, which was a four-times higher perfo- 
ration rate than appendicitis. Yamana et al. [6] reported a 
33% perforation rate. 

Diverticular diseases of the appendix can be divided in- 
to five microscopic types that can be defined as 1) primary 
acute diverticulitis, with or without acute peridiverti- 
culitis, 2) acute diverticulitis secondary to acute appendi- 
citis, 3) diverticulum without inflammation, 4) divertic- 
ulum with acute appendicitis, and 5) chronic peridiver- 
ticulitis with acute appendicitis [9,12]. 

Preoperative diagnosis of acute appendiceal divertic- 
ulitis is very difficult and most diagnoses are established 
by pathologic examination after surgery because the di- 
verticulum is usually small, located in mesenteric border 
and has similar clinical features with acute appendicitis. 
Kubota et al. [13] reported the sonographic findings that 
the appendix wall layers are thickened and echogenic in 
appendiceal diverticulitis due to the presence of air. Osada 
et al. [14] reported that multi-detector computed tomog- 
raphy (MDCT) could find acute appendiceal diverticulitis 
in 6 of 7 case (86%) of pathologically confirmed appendi- 
ceal diverticulitis and insisted that MDCT has potential in 
the preoperative diagnosis of appendiceal diverticulitis. 

Acute appendiceal diverticulitis can cause several com- 
plications such as intraperitoneal abscess, pelvic pseudo- 
cyst and vesicocecal fistula etc. In a domestic study, Choi et 
al. [15] reported hemorrhage from a diverticulum of the 
appendix and Lee et al. [16] reported intussusception com- 
bined with appendiceal diverticulosis. Also, appendiceal 
diverticulum accompanied with mucinous neoplasm of 
the appendix may play a possible role in the pathogenesis 
of pseudomyxoma peritonei [17]. 

Prompt surgical appendectomy is the treatment of 
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choice for symptomatic acute appendiceal diverticulitis. 
Along with conventional appendectomy, recent laparo- 
scopic procedure including single port surgery can be 
helpful. There is still controversy regarding incidentally 
discovered nonsymptomatic diverticulum during radio- 
logic examinations or abdominal surgery. But, prophy- 
lactic, elective appendectomy is recommended because of 
the progression of 2/3 of appendiceal diverticulum into di- 
verticulitis [8], high rates of perforation shown by pre- 
vious studies and the possibility of coexisting appendiceal 
neoplasms. 

In conclusion, acute diverticulitis of the appendix can be 
classified into quite different disease entities compared 
with conventional acute appendicitis. Patients with older 
age and longer duration of symptoms suspected of appen- 
dicitis should be given more attention and suspicion for 
appendiceal diverticulitis. Regarding high rates of perfo- 
ration, immediate surgical treatment is needed for pa- 
tients with a high index of suspicion of acute diverticulitis 
of the appendix. 
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